1. Introduction {#s0005}
===============

Coronavirus Disease-19 (COVID-19) is viral illness caused by the novel severe acute respiratory syndrome coronavirus 2 (SARS CoV-2) [@b0005]. The virus was initially reported in a patient in Wuhan, China in December 2019, and it rapidly progressed into a pandemic currently affecting around 180 countries affecting more than four million patients and causing 200,000 deaths [@b0010]. The majority of the patients presented with constitutional symptoms including fevers, myalgias, respiratory symptoms, and gastrointestinal symptoms. Neurological symptoms are less reported, but a recent study identified around 36.7% of hospitalized patients had neurological symptoms during the course of illness [@b0015]. There are numerous reports of acute strokes in patients with COVID-19 [@b0020], [@b0025]. To our knowledge, at present time, there is no reported case of Locked-In Syndrome associated COVID-19. Here we present a patient who developed LIS as a result of severe SARS CoV-2 infection.

2. Case description {#s0010}
===================

A 25-year old female with past medical history of insulin dependent diabetes mellitus, and obesity presented to the hospital with several day history of cough, shortness of breath, fever and malaise. She had stopped taking her insulin secondary to poor appetite. Multiple family members were hospitalized for COVID-19 illness. Vital signs on presentation were significant for fever of 102°F, heart rate of 103 beats per minute, and oxygen saturation of 91% on 6L nasal cannula. Initial exam was significant for tachypnea with no respiratory distress. Initial labs were pertinent for leukocytosis with lymphopenia, elevated ferritin, elevated blood sugar, and elevated anion gap. Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were elevated as well. Chest X-ray revealed bilateral interstitial and alveolar opacities. The patient was diagnosed with Diabetic keto-acidosis and admitted to medicine service. SARS-CoV-2 was detected on the nasal swab specimen. The patient was transferred to the intensive care unit (ICU) where she had a prolonged course.

The patient's respiratory status declined the next day requiring endotracheal intubation with mechanical ventilation. The patient was initially sedated with Propofol and Morphine, and later required midazolam to attain appropriate levels of sedation. She required neuromuscular blocking agents for ventilator dyssynchrony initially as a continuous infusion followed by intermittent doses. A five day course of hydroxycholoroquine 400 mg daily, seven day corticosteroids course and a single dose of Tociluzumab 400 mg were given. Despite this, the cytokine storm persisted and the patient deteriorated quickly leading to multi-organ dysfunction requiring renal replacement therapy.

The patient failed spontaneous awakening trials initially due to tachypnea, tachycardia and ventilator dyssynchrony. As her respiratory status improved requiring minimal ventilator support, patient was eventually weaned off all sedation and placed on intermittent sedation. On hospital day-13 a more detailed neurological exam revealed that patient was able to follow commands through eye blinking and horizontal eye movement, but was unable to exhibit any other motor functions. Babinski sign was positive bilaterally. National Institute of Health Stroke Scale was calculated to be 27.

Computerized Tomography (CT) of the head did reveal any acute findings. Electroencephalogram and lumbar puncture ([Table 1](#t0005){ref-type="table"} ) failed to identify an etiology for the patient's neurological state. Lumbar puncture sample did not detect SARS CoV-2. A Magnetic Resonance Imaging (MRI) of the head revealed multiple foci of restricted diffusion within the pons, correlating with FLAIR signal abnormality ([Figs. 1, 2](#f0005){ref-type="fig"} ) consistent with acute pontine ischemic infarcts. Magnetic Resonance Angiography (MRA) of head and neck showed decreased flow in distal right vertebral artery but a patent basilar artery ([Fig. 3](#f0015){ref-type="fig"} ). Based on clinical findings and neuroimaging, the patient was diagnosed with Locked-In Syndrome (LIS). Neuro-endovascular intervention was deferred as there was no acute thrombus on the angiography; and heparin therapy was initiated for anticoagulation. The patient did not have a history of coagulopathy, and given her young age it was believed the etiology of her stroke was secondary to COVID-19. The trend of inflammatory markers and D-Dimer in the patient is shown in [Fig. 4](#f0020){ref-type="fig"} .Table 1CSF studies.CSF Laboratory valueResultsTotal nucleated cell count3AppearanceClearRBC count600LDH18Protein23Glucose149COVID-19Not detectedNMDA-R AbNegativeCASPR2-IgGNegativeGAD65 AbNegativeGABA-B-R AbNegativeAnti-Neuronal Nuclear AbNegativeAnti-Glial Nuclear AbNegativePurkinje Cell Cytoplasmic AbNegativeAmphiphysin AbNegativeDPPX AbNegativeFig. 1MRI brain-DWI sequences showing acute bilateral pontine strokes.Fig. 2MRI brain-T2 Flair showing pontine hyper intensities.Fig. 3MRA head showing decreased flow in distal right vertebral artery but patent basilar artery.Fig. 4Trend of inflammatory markers and D-Dimer. Arrow represents the day of stroke diagnosis. The inflammatory markers trended while the D-dimer was trending up close to the stroke.

3. Discussion {#s0015}
=============

Locked in Syndrome (LIS) is a rare but devastating condition caused by damage to bilateral corticospinal, corticobulbar and corticopontine tracts of ventral brain stem. Characteristically these patients are quadriplegic, often with aphasia and dysphagia despite being fully conscious and cognitive [@b0030], [@b0035]. The majority of patients retain the ability to move the eyes and the ability to blink, while others are able to retain minimal voluntary movements of face, tongue and limbs. The most common etiology of LIS is acute ischemic or hemorrhagic strokes of the brain stem [@b0040].

4. Pathophysiology of LIS in COVID-19 {#s0020}
=====================================

Multiple reports have demonstrated that patients with COVID-19 disease may develop acute strokes [@b0015], [@b0020], [@b0025]. An observational study from Netherlands showed that almost 31% of ICU patients with COVID-19 had thrombotic complications, among which 3.7% had developed acute strokes [@b0045]. Several reports of pulmonary embolism and acute myocardial infarction from COVID-19 are reported as well [@b0050], [@b0055], [@b0060]. There are multiple reports of numerous infarcts and detection of antiphospholipid antibodies in patients with COVID-19 [@b0065], [@b0070]. While the natural history of COVID-19 disease varies, patients with severe COVID-19 are more likely to have elevated D-dimer levels and thrombocytopenia compared to patients who developed a more mild course of COVID-19 [@b0075], [@b0080]. Shorter clot formation times and higher maximum clot firmness reflecting hypercoagulable thromboelastographic profiles have been noted in patients alongside increased fibrinogen and D-dimer [@b0085]. This suggests that fibrin formation and polymerization may be implicated in vascular thrombosis processes related to COVID-19 [@b0090].

Angiotensin Converting Enzyme 2 (ACE2) receptors that are present in various organs including vascular endothelium is the main site of entry for the virus into human body [@b0095], [@b0100]. This endothelial cell injury mediates inflammatory cell recruitment and lead to dysregulated release of inflammatory mediators. The interaction between endothelial cells, macrophages, platelets, lymphocytes after viral binding to endothelial cells play an important role in activating clotting cascade and hypercoagulability [@b0105]. Apoptosis, endothelial cell damage and necrosis have been seen in brain tissue on autopsy of patients with the original SARS -CoV virus [@b0110].

Virchow's triad that was first described by Dr. Rudolph Virchow in 18th century, consists of three contributing factors for thrombus formation: endothelial injury, stasis and hypercoagulability [@b0115]. Severe COVID-19 disease as described above satisfies two of the three factors predisposing to thrombus formation. The vast majority of critically ill patients with COVID-19 disease are immobile for prolonged duration causing blood stasis. This suggests hypercoagulability and thrombi formation to be the most plausible mechanism of ischemic strokes in COVID-19.

5. Diagnostic challenges {#s0025}
========================

Early diagnosis is the key in stroke management given the time sensitive nature of management. The COVID-19 pandemic makes this difficult as there is presently a significant burdem on healthcare systems globally. Beyond adequate resources, LIS is a diagnostic challenge as patients are aphasic and cannot follow motor commands except for eye movements. In the critical care setting, the challenge intensifies as the patients are usually intubated and sedated. If a thorough awakening trial and neurological exam is not conducted, LIS can be easily misdiagnosed as delirium, encephalopathy, coma or even vegetative state [@b0120]. A detailed neurological examination is the most important factor for diagnosis. In critically ill patients on mechanical ventilation, society of critical care medicine guidelines suggests targeting light sedation or daily interruption of sedation (DSI) [@b0125]. DSI facilitates detailed assessment of underlying neurological status. DSI is not always tolerated secondary to agitation, discomfort, ventilator dyssynchrony or encephalopathy as was the case in our patient. MRI is an important diagnostic modality for diagnosis of LIS due to strokes.

6. Treatment {#s0030}
============

LIS is associated with the very high morbidity. Supportive care, respiratory hygiene, nutritional support, physical and occupational therapy are the main stay of treatment in LIS [@b0120]. Speech pathology consultation, eye tracking devices and alphabet boards might be helpful with communication. In patients with LIS secondary to acute stroke, treatment aimed at stroke with anticoagulation and/or antiplatelet agents, cholesterol lowering medications for primary and secondary prevention should be considered. Full anticoagulation is a matter of debate in patients with COVID-19. A recent study demonstrated mortality benefit from anticoagulation in patients on mechanical ventilation [@b0130]. In general, full intensity anticoagulation is not recommended unless other specific indication for anticoagulation exists [@b0135]. All patients should be on prophylactic anticoagulation if there are no contraindications [@b0135]. Large studies are needed to understand and develop anticoagulation guidelines in COVID-19.

7. Psychosocial and ethical implications {#s0035}
========================================

LIS is a tragic disease as patients usually do not have cognitive deficits and are thus aware of their clinical condition. Severe disability along with intact cognition leads to poor quality of life. Communicating with a LIS patient is a challenge, and patience should be practiced when analyzing these patients. Although, studies have noted satisfactory quality of life in LIS survivors; assumptions regarding poor quality of life in LIS could affect management as clinicians may be biased into less aggressive management [@b0120], [@b0140]. Careful decisions should be made about tracheostomies and feeding tube placements after communicating with the patient and their surrogates.

8. Conclusion {#s0040}
=============

The COVID-19 pandemic is a disease with a wide array of presentations. It has the ability to damage several organ systems, including the nervous system. The development of otherwise rare strokes, especially in young patients with no coagulopathy history is likely secondary to the hypercoagulable and hyper-inflammatory state seen in COVID-19. Patients on mechanical ventilation pose a challenge for a detailed neurological examination given other causes of mental status changes such as the use of sedatives, ICU delirium, along with other confounding factors like uremia, encephalopathy etc. We recommend daily sedation interruption trials along with a detailed neurological assessment. Large studies to establish guidelines regarding anticoagulation in COVID-19 patients are desperately needed.
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